
4A Vision for Climate-Safe 
Infrastructure for All

Climate Safety Through Mitigation and 
Adaptation: The Climate-Safe Path

Through high-level policies, executive orders and laws, 
California has committed to reducing its greenhouse gas 
emissions by 40% below 1990 levels by 2030 and by 80% 
below 1990 levels by mid-century. This level of commitment 
puts the state on a responsible path toward helping the 
global community achieve the targets of the Paris Accord, 
namely to limit global average 
warming to 2°C (3.6°F) or 
less (1.5°C or 2.7°F) by
the end of this century. As 
discussed in Chapter 3, this 
is an ambitious target and 
will require considerable
political will to achieve. Many 
motivations lie beneath this 
choice, including economic
opportunity, a desire to lead 
politically, technologically,
environmentally and morally, and enlightened self-
interest. This policy orientation is also informed by the 
best available science that unmitigated climate change 
will undermine California’s safety and well-being, natural 
resources and beauty, and crucially important economic 
sectors. While a 2°C (or less) warming will not prevent 
impacts from a warming climate (in fact, they are already 
being felt and more warming is inevitable), the impacts 
expected at that level of warming (roughly equivalent to the 
goals of the Paris Accord) are widely seen as considerably 
more manageable than those associated with greater and 
faster warming.

 

 

 

 

 

 

 

Political leaders now have an 
opportunity to strengthen adaptation 
as a political priority. They can send 
a directional signal that the safety of 

communities and the infrastructure on
which they and the state’s economy 

vitally depend is of utmost importance

 

.

As the nearly two decades of international climate 
negotiations make clear, and as California’s own path to 
increasingly stricter emissions reduction targets illustrates, 
stringent mitigation targets are not just a rational choice 
in light of potentially severe risks, but ultimately a political 
choice. However difficult it may be to achieve, aiming for 
2°C or less is the choice that focuses the compass needle 
toward greater safety from some of the harmful climate 
impacts that would occur if emissions were allowed to 
further destabilize the Earth’s climate system. However, 

the great difficulty involved in 
compelling the international 
community to make this
commitment suggests that 
California must be prepared 
to contend with much greater 
climate impacts.

Thus, there is a parallel
political choice to be made 
in setting adaptation targets. 
Over the past few years,

California’s political leaders and State lawmakers have laid 
some policy foundations for adaptation and now have an 
opportunity to strengthen adaptation as a political priority. 
They can send the same directional signal as they did with 
mitigation, namely, that the safety of communities and 
the infrastructure on which they and the state’s economy 
vitally depend is of utmost importance. That choice is to 
ensure that long-lived infrastructure is planned, and may 
eventually need to be built, operated and maintained, to 
withstand future impacts from climate change associated 
with the “business-as-usual” emissions pathway (currently 

Paying it Forward: The Path Toward Climate-Safe Infrastructure in California Chapter 4 | 42



Paying it Forward: The Path Toward Climate-Safe Infrastructure in California Chapter 4 | 43

Figure 4.1 The Climate-Safe Path describes the simultaneous pursuit of stringent greenhouse gas mitigation that aims to meet 
the goals of the Paris Accord while charting an adaptive pathway to protect Californians against the impacts of a high-emissions 
scenario, both with a central focus on social equity.

the RCP 8.5 emissions scenario). Consistent with State 
guidance from the Office of Planning and Research (OPR), 
we refer to this pathway as a “high-emissions pathway” 
from here on.1

Should it become apparent over time that – globally – 
society has safely averted a high-emissions future, the 
adaptive approach promoted in this report should allow 
for an “off ramp” to adapt to the impacts associated with a 
lower-emissions pathway. However, determining the point 
in time when such a transition to a lower-safety threshold 
is indicated, is both scientifically and politically complex 
and requires dedicated research and public debate.

By reducing the causes of climate change through 
mitigation and simultaneously implementing preparedness 
and adaptation measures, California would pursue the 
safest of possible climate action pathways any state can 
take. We call this comprehensive strategy “the Climate-
Safe Path” (Figure 4.1).

By reducing the causes of climate 
change through mitigation and 
simultaneously implementing 
preparedness and adaptation 

measures, California would pursue 
the safest of possible climate action 

pathways any state can take. We 
call this comprehensive strategy “the 

Climate-Safe Path” 

1 The emissions scenarios currently used in the Fourth Assessment, NCA4 and the Fifth IPCC assessment will be replaced with updated ones in the future. To 
maintain the concept without becoming obsolete when that happens, we use the more general term, which – at any one time – should be operationalized with the 
highest emissions scenario used by scientists to produce climate change projections. 
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From Guidance to Policy

Current guidance documents from State agencies on 
considering climate impacts recommend considering 
impacts associated with the high-emissions scenario 
within the context of specific projects. The Ocean 
Protection Council’s (OPC) recently released updated 
sea-level rise guidance suggests that coastal managers 
consider risks from sea-level rise associated with high-
emissions scenarios depending on the level of risk 
tolerance and potential adaptation pathways for different 
projects, with the highest sea levels considered for the 
most critical and least adaptive projects[49]. Similarly, 
the OPR statewide guidance for infrastructure planning 
Planning and Investing for a Resilient California, 
recommends that state infrastructure managers plan for 
impacts associated with the high-emissions scenario for 
all decisions with time horizons to 2050[49]. Beyond that 
the OPC and OPR guidance documents differ nominally 
from the Climate-Safe Path proposed here in that they 
recommend a risk assessment approach using a range of 
scenarios based on the criticality of the project. However, 
OPR’s Infrastructure Planning Guidance does emphasize 
the use of the high-emissions scenario, whenever people 
and highly vulnerable assets may be placed at risk, if the 
project is more or less permanent or its failure could cause 

major economic impacts. Thus, the OPR guidance and the 
Climate-Safe Path proposed here are essentially identical. 
We propose a similarly adaptive and flexible approach with 
a stringent protective target, given the legislative intent to 
protect lives, the long-lived nature of most infrastructure 
and the continued high-emissions pathway that society 
appears to be on.

Guidance documents, however, are not mandatory and 
they will have the desired impact on decisions primarily 
if and when they get teeth, i.e., when they are either 
turned into a mandate or when effectively designed, 
complementary “carrot and stick” approaches ensure 
investment decisions protect against the impacts of a 
high-emissions scenario.

Realizing the Climate-Safe Path One Step 
at a Time

Preparing for the climate change impacts associated with 
the high-emissions pathway is an ambitious undertaking 
that has different implications for different types of 
infrastructure, for existing and newly built infrastructure, 
and for short- and long-term climate impacts. In no way 
does it imply that every infrastructure investment made 
today must build immediately to the protective level that 

Figure 4.2 Conceptual diagram of an adaptation pathway. (Source: Adapted from Moser 2016[194], used with permission) 
(Explanation in text)



would be required in many decades when the impacts 
associated with the high-emissions pathway are beginning 
to unfold. In other words, realizing the Climate-Safe Path 
does not mean a once-and-for-all step change, but a change 
in many steps. This is similar to how emission reductions 
are achieved: not turning off all emissions at once, but 
successively and steadily moving toward the ultimate 
goal. Realizing the Climate-Safe Path means following an 
adaptation pathway that keeps an eye on a long-term goal 
but is realized through a variety of strategies in multiple 
stages over the course of decades (Figure 4.2).

Realizing the Climate-Safe Path 
does not mean a once-and-for-
all step change, but a change in 

many steps. 
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Such a flexible adaptation pathway begins with an 
agreement among relevant stakeholders as to the desired 
performance/service level of infrastructure. This desired 
performance level also has direct implications for the 
degree of risk aversion decision-makers might have. As 
climate change continues, thresholds will be crossed 
where the performance of the existing infrastructure as 
it is currently built no longer fulfills societal expectations. 
Where existing infrastructure is already inadequate, steps 
should be taken as soon as possible to augment existing 
levels of protection to ensure that performance can be 
maintained. Planning for implementing subsequent 
retrofits is also begun, recognizing that lead time is 
needed to implement them. As climate change continues 
and its impacts eventually exceed the projections for 
which infrastructure is designed to withstand, the next 
level of protection – using a combination of strategies – 
is implemented. The more flexibility is maintained each 
time, the better. At subsequent steps, the best available 
knowledge both about climate science, societal trends 
and performance of different infrastructure designs 
must be taken into account. But planning time to the 
next trigger level/threshold becomes shorter as climate 
change accelerates. These steps are continued as long 
as conditions change. To realize an adaptive approach 
to infrastructure upgrades, it is critical that money be set 
aside now and over time to fund the needed future changes. 
Otherwise, in a different future political or economic 
climate, support and resources for the necessary updates 
could lessen and thus place greater risks on communities 
in the future.

While we will offer more technical and tactical detail in the 
subsequent chapters on what is needed to implement the 
Climate-Safe Path, we can already say here that building 
and maintaining infrastructure fit for a high-emissions world 
will be realized through a combination of strategies, each 
adding a necessary but by itself insufficient dimension to 
“climate safety.” These strategies are based on decades 
of experience in hazards management and mirror the 
definitions for climate-safe infrastructure, resilience and 
related terms offered in Chapter 1[181].

For newly built infrastructure, a number of interrelated 
but complementary strategies must be pursued to ensure 
infrastructure functionality and obtain desired risk aversion 
levels over the changing conditions that can be expected 
over its lifetime:
• Robustness: infrastructure is built to the protective 

level expected to be needed to ensure acceptable 
functionality and reliability (assuming the high-
emissions pathway) over the design life of the 
infrastructure (e.g., 30 or 50 years); because there 
is inevitable uncertainty and multiple design criteria 
must be met simultaneously, the infrastructure would 
be expected to be robust over a range of uncertain 
conditions;

• Resilience: plans are developed and practiced 
from now on for the possibility of a situation when 
an extreme event exceeds the protective level and 
infrastructure fails, so as to improve and speed up 
the response and adaptive recovery to requisite 
levels of protection needed at that time (sometimes 
referred to as safe-to-fail approaches with appropriate 
disaster preparedness and response management); 
this complementarity to robustness is shown in Figure 
4.3;1 

• Adaptability: plans are developed and features 
integrated into the design now that would allow 
infrastructure owners to adapt the structure to a 
higher level of protection should it become necessary 
over time;

• Redundancy: plans are developed now and 
implemented over time that help the new infrastructure 
maintain functionality when it or parts of it fail; and

• Avoidance: on the basis of vulnerability assessments 
already in place, underway or to be conducted in 
the future, infrastructure development in high-risk 
areas should be avoided unless the infrastructure 
owner is willing to pay for the necessary measures 
to ensure functionality over the effective lifetime of 
the infrastructure (often considerably longer than the 
design life), using the above four strategies.

2 See The L.A Metro Resiliency Indicator Framework[195] as an example.
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